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1. Summary 

El dolor es una experiencia sensorial extremadamente importante que advierte a la 

persona de una posible lesión. El dolor orofacial es uno de los más intensos que se 

experimentan debido a la abundancia de receptores sensoriales en la piel, las 

mucosas, los músculos y los ligamentos de la cara. La Neuralgia del Trigémino, los 

Trastornos Temporomandibulares y la Odontalgia Atípica producen un dolor intenso 

y que, aunque tienen diversos tratamientos, pueden seguir produciendo dolor 

crónico y afectar a la calidad de vida. Los ácidos gamma-aminobutíricos (GABA, por 

sus siglas en inglés) son los principales neurotransmisores inhibidores del cerebro 

humano y de la médula espinal, responsables de la mayoría de las actividades del 

sistema nervioso central. El GABA puede aumentar o reducir la transmisión y la 

percepción del dolor. Los objetivos principales de este trabajo es investigar la 

importancia de los receptores GABA en el dolor orofacial y explorar diferentes 

ejemplos de dolor orofacial. Los objetivos secundarios son comprender la 

importancia del alivio del dolor, describir los distintos tipos de receptores GABA y 

explorar cómo afectan los distintos fármacos a los receptores GABA y los resultados 

clínicos que producen. La estrategia de investigación se basó en una revisión 

bibliográfica de los artículos disponibles en las bases de datos electrónicas. Se 

realizó una búsqueda sistemática de artículos publicados después de 1990. La 

estructura y la función de los diferentes receptores GABA influyen en el modo en 

que se transmite y percibe el dolor. Diferentes fármacos, agonistas o antagonistas, 

se unen selectivamente a las subunidades de GABA A y GABA B, lo que provoca 

una respuesta excitatoria o inhibitoria en la regulación y la percepción del dolor a 

través de diferentes vías. 
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2. Abstract 

 

Pain is an extremely important sensory experience that warns the person of 

impending injury. Orofacial pain is one of the most intense pains experienced due to 

the abundance of sensory receptors in the skin, mucosae, muscles and ligaments of 

the face. Trigeminal Neuralgia, Temporomandibular Disorders and Atypical 

Odontalgia produce severe orofacial pain and although they have a variety of 

treatments, can still produce chronic pain and affect quality of life. Gamma-

aminobutyric acids (GABA) are the primary inhibitory neurotransmitters in the human 

brain and the spinal cord that are responsible for the majority of the activities of the 

central nervous system. GABA can enhance or reduce pain transmission and 

perception. The main objectives are to investigate the importance of GABA receptors 

in different examples of orofacial pain. The secondary objectives are to understand 

the importance of pain relief, to describe the different types of GABA receptors and 

to explore how different drugs affect the GABA receptors and the clinical results they 

produce. The research strategy was based on a literature review of papers available 

in electronic databases. A systematic search for papers published after 1990 was 

performed. The structure and function of the different GABA receptors influence how 

pain is transmitted and perceived. Different drugs, either agonists or antagonists 

selectively bind to the subunits on GABA A and GABA B, which causes an excitatory 

or inhibitory response in the regulation and the perception of pain through different 

pathways. Even though a description is offered about the GABA-specific 

pharmacology, no evidence was found of drugs developed specifically to treat 

orofacial pain. 
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4. Introduction 

4.1, Pain 

4.1.1. Definition of pain 

 

According to the International Association for the Study of Pain, pain is defined as 

“an unpleasant sensory and emotional experience associated with, or resembling 

that associated with, an actual or potential tissue damage”. [1] Pain is important for 

many reasons, the primary one being to alert the person of a problem or possible 

disease, protecting them from harm and preventing injury. It is ultimately a survival 

mechanism.  

Determining the aetiology, characteristics, location and the intensity of pain is difficult 

because it is subjective as everyone has a different perception of pain. It depends on 

a few factors, including but not limited to, the person’s individual pain tolerance, the 

intensity of the stimulus, their emotional state and the conditions surrounding the 

person at the time of the occurrence of pain. [2] Regardless of these factors, pain is 

an uncomfortable feeling for anyone, although chronic pain is especially unpleasant 

and affects how a person lives by reducing their quality of life psychologically, 

physically and socially. 

4.1.2. Types of pain: Acute and Chronic 

Acute pain is primarily caused by a nociceptive reaction to an injury or disease. It 

normally presents as a single, sharp pain that disappears almost immediately after it 

appears. [3] The mechanism by which the perception of pain and its response is 

produced is fast and ultimately informs the person of impending danger. The body 

therefore reacts by causing a protective response to acute pain. To give a few 
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examples, acute pain can be generated by the intense heat produced by a flame, a 

cut from a sharp object or a broken bone. 

On the other hand, chronic pain is produced by an injury or disease that occurs over 

a prolonged period of time where the central nervous system has become 

accustomed to the repeated injury or stimulus due to the desensitization of 

nociceptors. [3] This is therefore not a protective response anymore and does not 

have any risk-benefit consequences. Chronic pain is characterised by having a 

duration of more than three months and one of the problems with chronic pain is that 

there may not be any definitive end-date to it. [2] In some cases the pain can only be 

managed on a day-to-day basis and not be successfully treated. It is the common 

issue of causes versus symptoms. Due to the continuous nature of chronic pain, 

patients believe that there may be no cure which often leads to depression and other 

mental health issues. Consequently, in addition to pharmacological and therapeutic 

methods, psychological assistance may be beneficial and necessary. 

4.1.3. Pathway and mechanism of pain  

Pain is produced by the stimulation and irritation of the receptors located in the brain 

and different parts of the body. The orofacial pain receptors are found in the skin, 

muscles and ligaments surrounding the mouth and face as well as in the dental pulp. 

[3] These pain specific receptors are called “nociceptors”, which are primary afferent 

neurons going to the brain with nerve endings in the orofacial tissue. [4] The 

nociceptors are designed to be a warning to the patient of impending pain and 

danger.  
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Aδ and C nerve fibres innervate the orofacial region and send different types of pain 

signals to the brain. [3] Aδ fibres provide and transmit an immediate protective 

response because the impulse is sent at a rate of 20 metres per second to the 

central nervous system due to their myelination. A myelin sheath is a fatty sheath 

wrapped around certain nerve fibres, which provide a faster rate of transmission of 

the pain signals. [2,3] Essentially, Aδ react to acute pain as they produce a sharp, 

intense and specific pain. One of the nociceptors specific to Aδ fibres are 

mechanoreceptors, which detect touch and pressure stimuli. [5] 

The second fibre, the C fibre, does not provide an immediate protective reflex. It 

instead responds to persistent pain and provides a secondary reaction to the Aδ 

fibres. [3] For instance, if a person cuts their hand, they will automatically feel a 

sharp pain delivered by the Aδ fibre and after a while their hand will start to ache and 

throb for a prolonged period of time. This subsequent pain is transmitted along the C 

fibres. Without myelination and because they have a smaller diameter, the 

transmission speed of the action potential in C fibres is much slower than Aδ, 

occurring at a rate of 0.5 to 2 metres per second, rather than 20 metres per second 

with the Aδ fibres. The pain brought about by the C fibre is dull, pulsating and 

continuous with a diffuse distribution. [2,5] 

Pain is a reaction to a stimulus, which can be chemical, biological, thermal, electrical 

or mechanical. [3,6] The strength of the stimulus needs to be intense enough to 

overcome a threshold, providing electrical impulses, which creates a communication 

with the dorsal horn of the spinal cord and brainstem. The thalamus, which is located 

in the central part of the brain, is where pain is registered and allows the person to 

perceive it, feel it and produce a response. [2] 
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Depending upon the area of the body where the pain is inflicted, the pain signal is 

then sent to different parts of the brain and the spinal cord. In the case of orofacial 

pain, it is transmitted from the orofacial tissue to the spinal and principal trigeminal 

nucleus in the brainstem. [5] 

The ascending pain pathway carries sensory information from the stimulus in the 

body upwards to the brain. An injury is detected by nociceptors which transmit all the 

information about the pain to the spinal cord, medulla, thalamus and the cortex, 

which are part of the higher centres of the brain. [6] The descending pathway 

modulates the perception of pain and provides motor signals from the midbrain and 

brainstem to the reflex organs causing a response. [7] The descending pathway is 

also capable of controlling and inhibiting pain signals at the spinal cord, acting as an 

“endogenous analgesic system” [3,4,8] 

“The Gate Control Theory of Pain” proposed in 1965 by Melzack and Wall, explains 

the mechanism for how pain-related signal transmission is decreased by inhibitory 

GABA interneurons in the substantia gelatinosa of the dorsal horn. [9-11] This 

mechanism can work as a “gate” to stop the nociceptive signal from reaching the 

brain. [4, 12] At the dorsal horn of the spinal cord, inhibitory interneurons release 

neurotransmitters including GABA. GABA then binds to the presynaptic neuron and 

inhibits the release of other pain stimulating neurotransmitters called glutamate and 

substance P, preventing a nociceptive response. [3,12-14] Interestingly, the “pain 

gate” is opened upon an important noxious stimulus or by an interfering signal. This 

happens thanks to collateral branches from other pathways that modulate the activity 

of the GABA-ergic interneuron. 
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4.2. Types of orofacial pain  

Orofacial pain is confined to the area of the face, including the oral cavity and the 

mandible. It has a prevalence of up to 22 to 26% in the general population, with 7 to 

11% experiencing chronic pain. [15] Its primary pathology is due to odontogenic pain 

and the secondary pathologies are non-odontogenic, which includes 

musculoskeletal, neuropathic and neurovascular diseases. [15] 

Odontogenic pain, also known as dental pain, is produced specifically by damage to 

the teeth and their surrounding structures, including the mucosa, gingiva, maxilla, 

mandible and periodontal membrane. [16] It can be caused by dental caries, 

periodontal disease, cracked tooth syndrome and alveolar osteitis and it is generally 

experienced by aching pain with an acute onset. [16] Prolonged suffering of pain can 

cause it to spread from the initial site to a wider area of the face and therefore impact 

a patient’s quality of life. Pain can be relieved by dental treatment and medication, 

including analgesics and antibiotics in the case of an infection.  

Non-dental related pain is referred to as non-odontogenic and can be localised, 

intraoral or extraoral. Diseases include burning mouth syndrome, glossodynia, 

stomatodynia, oral ulcers and lichen planus. [17] Often, non-odontogenic pain is 

mistaken for odontogenic pain, which can result in unnecessary dental procedures, 

including extraction of teeth and surgery. 

Clinical presentation in the form of musculoskeletal disorders includes 

Temporomandibular Disorders (TMDs). Examples of TMDs include disc 

displacement, osteoarthritis and subluxation of the temporomandibular joint. [18] 

TMDs are definitively diagnosed using neuroimaging devices, mainly Magnetic 
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Resonance Imaging (MRI). This is considered to be the gold-standard to examine 

the disc and its surrounding structures. Treatment involves an occlusal splint, 

physiotherapy, acupuncture and pharmacotherapy with non-steroidal anti-

inflammatory drugs (NSAIDs). [15] 

Neuropathic pain is caused by “a lesion of the peripheral and/or central nervous 

system manifesting with sensory symptoms and signs”. [15] One of the most 

common types of neuropathic pain is Trigeminal neuralgia. Trigeminal primary 

efferent neurons are involved in pain processing in the orofacial region and have 

their cell bodies located in the trigeminal ganglion. [3] It is mainly produced by the 

compression of the trigeminal nerve, which runs throughout the orofacial region 

although there are also idiopathic forms. Neuralgia is the “pain in the distribution of a 

nerve or nerves.” [18] Classical Trigeminal neuralgia is characterised by unilateral, 

sudden, sharp and agonising pain. [15,19,20] Other examples of neuropathic pain 

include Glossopharyngeal neuralgia, burning mouth syndrome and anaesthesia 

dolorosa, which is also known as post-traumatic trigeminal neuropathy. [17] 

Persistent idiopathic facial pain is also known as atypical facial pain. Although it is 

idiopathic, it is considered to be the second most frequently occurring neuropathic 

pain. It can be differentiated from Trigeminal Neuralgia by the fact that the pain of 

atypical facial pain is constant and is spread over a larger surface area. Whereas 

Trigeminal neuralgia is only diffused across the area of the face innervated by the 

Trigeminal nerve. [13] Atypical facial pain includes atypical odontalgia, which is 

specific to the hollow site of a tooth after its extraction.  
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4.3. GABA 

Gamma-aminobutyric acids, mainly known as GABA, are the primary inhibitory 

neurotransmitters in the human brain and the spinal cord. [6,11,14] They are 

responsible for the majority of the actions of the central nervous system. The GABA 

neurotransmitters are activated by interneurons in the dorsal horn of the spinal cord 

after an intense stimulus causes a nociceptive response. [3,6]  

GABA has the structure of an amino acid and is referred to as an amino acid 

neurotransmitter. Glutamate, which is another amino acid neurotransmitter, 

synthesises GABA in a decarboxylation reaction catalysed by the enzyme glutamic 

acid decarboxylase. [12] 

Nearly half of all synapses in the brain express some kind of GABA receptor. [4] 

Ultimately, GABA reduces the activity of the central nervous system. As GABA is an 

inhibitory neurotransmitter, when it interacts with the receptor of a neuron, it makes 

the neuron less likely to generate an action potential. If such a neuron participates in 

the nociceptive pathway, GABA activity inhibits a pain response. [10] 

There are a number of categories and subcategories of GABA including GABA A, 

GABA B and GABA C. Currently there is not enough information or studies on the 

function and structure of GABA C. In addition, there is no evidence to suggest that 

GABA C receptors are involved in pain transmission. [12] 
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4.3.1. GABA A 

 

The GABA A receptor has a complex structure. It is made up of 5 subunits which are 

arranged both extracellular and intracellular. The sub-units are arranged around a 

central Chloride pore. [6,21] 

 

GABA A receptors are ionotropic, meaning that they are GABA-gated chloride 

specific channels. Upon transmitter binding, GABA A causes the opening of an 

associated ion channel that is permeable to Chloride ions. The activation of the 

GABA A receptor causes an influx of Chloride ions into the neuron producing 

hyperpolarization. This causes an inhibitory postsynaptic potential and decreases the 

likelihood of generating action potentials. [10] 

 

A stimulus causes an action potential to be produced in the presynaptic neuron, 

which causes Calcium ions to enter through the voltage-gated calcium ion channels. 

The Calcium ions cause vesicles containing the neurotransmitter GABA to fuse to 

the presynaptic membrane and release GABA. GABA then travels across the 

synaptic cleft and the GABA binds to the target receptors present on the 

postsynaptic membrane. The binding of GABA to the postsynaptic membrane 

causes the Chloride ion channel to open and an influx of Chloride ions makes the 

postsynaptic membrane negative and inhibits further action potentials. [7,10] 

 

GABA A has multiple independent neurotransmitter and drug binding sites, including 

ones for Benzodiazepines, GABA, Barbiturates, Ethanol, anaesthetic steroids and 

volatile anaesthetics. [6] All these drugs are positive modulators of GABA and 
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increase its effect. Benzodiazepines produce sedation and muscle relaxation, while 

Barbiturates have anti-epileptic properties. [21] Alcohol and anaesthetics produce 

sedation and relaxation as well. Located between the alpha and beta subunits is the 

GABA binding site, whereas between the gamma and alpha subunits is the 

Benzodiazepine binding site. Several of the newer hypnotics are selective of the 

binding site and they tend to have a more hypnotic effect with less sedative effect. 

Zolpidem is an example of one of these newer hypnotics. [22] 

 

4.3.2. GABA B 

 

GABA B receptors are metabotropic, meaning that the receptors act through G-

proteins to activate and open Potassium ion channels, allowing positively charged 

Potassium ions to flow out of the neuron, again making it more negative and causing 

hyperpolarization and an inhibitory postsynaptic potential. The actions of GABA are 

finalised when GABA transporters, which are proteins, transport GABA from the 

synaptic cleft into GABAergic neurons. [12] 

 

GABA B receptors play a part in many vital neurological functions in the human body 

by regulating pain signals, either by alleviating pain or causing hypersensitivity to 

pain. [6] They are heterodimeric receptors, with two transmembrane domains: GABA 

B1 and GABA B2. [6,14] They are coupled with G-proteins and are widely distributed 

throughout the central and autonomic divisions of the peripheral nervous system. [6] 

Around half of GABA B receptors are present at the terminal of nociceptors in the 

superficial dorsal horn. [4] This proves just how important of a role GABA plays in the 

perception of a stimulus.  
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Instead of the Chloride ion channel function described for GABA A, GABA B works 

by activating Potassium ion channels and inhibiting Calcium ion channels. GABA will 

bind to GABA B1, which will produce an allosteric change in the GABA B2 subunit. 

This subunit is coupled to the G protein, which activates adenylyl cyclase, which 

causes the changes in the Potassium ion and Calcium ion channel function. 

[6,12,14]  

 

4.3.3. Pharmacology and GABA 

 

Due to GABA’s potential to affect neuronal transmission, some drugs have been 

invented in order to increase or decrease its activity. These drugs produce different 

effects depending on whether they are an agonist or an antagonist of GABA. These 

effects include anxiolytic, anticonvulsant, sedative, amnesic and muscle relaxation. 

[6,23] 

 

GABA A and GABA B receptors have independent target sites for drugs that alter the 

neurotransmitter function and can produce different effects. For example, the site for 

benzodiazepines and barbiturates is only located on the GABA A receptor. There is 

no site for benzodiazepines on the GABA B receptor. [24] However, both receptors 

each have a site specifically for an endogenous GABA agonist. By acting as an 

endogenous agonist of the GABA receptor, GABA itself can attach to the GABA 

target receptor, causing positive allosteric modulation and decreasing the perception 

of pain. [11,14] 
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GABA-related medications have the potential to inhibit as well as facilitate pain 

impulses. An allosteric modulator is when a drug, for example, Benzodiazepine, will 

bind to an allosteric site, meaning it will bind to a site that is not a GABA site and 

then changes GABA’s response to the stimulus. [11] A positive allosteric modulator 

is an agonist and so enhances the affinity of the receptor to GABA, thereby 

decreasing the perception of pain. A negative allosteric modulator is an antagonist of 

GABA and therefore causes a decrease in the action of the neurotransmitter leading 

to hyperalgesia. [3] 

 

Examples of positive allosteric modulators include Benzodiazepines, Barbiturates, 

muscle relaxants, Alcohol, Anaesthetic drugs, for example, propofol, and Etomidate. 

These are all agonists of GABA and so increase its effect. [6,11]  

 

Negative allosteric modulators include Flumazenil, Saclofen and Bicuculline. [6] 
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5. Objectives 

 

The aim of this literature review is to evaluate the importance of orofacial pain 

modulation in relation to the GABA pathway.  

 

Main objectives:  

a. To investigate the importance of GABA receptors in orofacial pain  

b. To explore different examples of orofacial pain  

 

Secondary objectives:  

a. To understand the importance of pain relief 

b. To describe the different types of GABA receptors 

c. To explore how different drugs affect the GABA receptors and 

the clinical results they produce  
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6. Methodology  

 

The research strategy was based on a literature review of the scientific and medical 

papers, books and documents available in various electronic databases. The 

databases searched were as follows;  

1. Mendeley 

2. Pubmed 

3. Medline vía Biblioteca Dulce Chacón 

4. ResearchGate 

5. Google Scholar 

6. NCBI (National Center for Biotechnology information) 

 

There followed a systematic data search for papers published after 1990 because of 

the importance of the research performed then and the comprehensive consideration 

of GABA receptor physiology and pharmacology. Consequently, the date range in 

this study is from 1990 to 2021.  

 

A number of different search strategies were used and the most effective chosen 

was the Boolean technique. The keywords used were:  

 

1. GABA receptors  

2. Orofacial pain  

3. Mechanism of GABA receptors 

4. Mechanism of pain  

5. Drugs specific to GABA 
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Strict inclusion and exclusion criteria were used to ensure the information used was 

relevant and scientifically accurate. These criteria included not only the date 1999 to 

2021 criterion but also once the results of the keyword searches for GABA receptors, 

orofacial pain, mechanisms and drugs had been completed, the analysis of these 

elements could be conducted.  
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7. Results and Discussion 

7.1. Orofacial pain definition  

Orofacial pain is one of the most intense pains experienced, because there are so 

many pain receptors in the face compared to the rest of the human body. In addition, 

the muscles in the orofacial region are some of the most active muscles, constantly 

used for “chewing, swallowing, speech production, communication and personal 

expression”. [20] 

It is often difficult to diagnose patients with orofacial pain, because there may be no 

physical signs and because the symptoms are subjective and dependent upon each 

patient's individual susceptibility. Everyone experiences pain differently, depending 

upon their own pain threshold level. For example, a patient can become more 

tolerant to pain if they have experienced significant pain during their lifetime.  

 “Neuropathic pain arises from peripheral and central changes in neuronal function 

that are perceived as persistent pain and sensory abnormalities”. [20] Extraoral and 

intraoral examination are crucial in the diagnosis of orofacial neuropathic pain.  

In the case of a neuropathic injury, for example, glossopharyngeal neuralgia, there is 

an alteration in the GABAergic functioning. Presynaptically, the voltage-gated 

calcium ion channels are inactivated, causing a depolarisation of the neuron. [14] 

Exogenous GABA agonists decrease the sensation of pain, while antagonists can 

produce hypersensitivity to pain. Some studies have experimented in mice to remove 

GABA B receptors, which in turn led to hyperalgesia. [4,6] In a context of neuropathic 
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injury, for example in chronic Trigeminal Neuralgia, there is a decrease in the 

number of GABA neurotransmitters which produces hyperalgesia. [13] 

 

In chronic neuropathic pain, sensitization can occur over a prolonged period of time. 

This is due to the reduction of GABAergic activity and the decrease of its inhibitory 

effect. [14] The exact method by which this downregulation occurs is still unknown. 

Trigeminal neuralgia is an example of this chronic neuropathic pain in which 

sensitization can occur. [3,13]  

7.2. Types of orofacial pain  

7.2.1. Trigeminal neuralgia 

“Trigeminal neuralgia is the most common type of neuropathic pain of the 

stomatognathic system” [15] as it annually affects 4 to 13 per 100,000 people and 

the incidence increases with age. [19] 

 

It is defined by The International Association for the Study of Pain “as a sudden 

usually unilateral severe, brief, stabbing, recurrent episodes of pain in the distribution 

of one or more branches of the trigeminal nerve.” [17] 

 

The trigeminal nerve is located in the pons and innervates the skin, mucous 

membranes and muscles in the head. It divides into three main branches:  

 

1. The ophthalmic nerve (V1): This further divides into 3 branches: the frontal, 

nasociliary and lacrimal nerve. They innervate the forehead, cornea, conjunctiva, 

iris, lacrimal gland, the frontal sinus and the upper part of the nasal cavity.  
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2. The maxillary nerve (V2): This nerve innervates the maxillary sinus, the nasal 

cavity, maxillary teeth and its mucosa and the palate.  

3. The mandibular nerve (V3): This innervates all the muscles of mastication, the 

temporomandibular joint, the mandibular teeth and its mucosa and the anterior 

two thirds of the tongue. [25] 

 

The pain is triggered by “chewing, talking, brushing teeth, cold air, laughing, light 

touch, smiling or any other stimulation of trigger-points around the nose and mouth”. 

[19,20] Regardless of intensity of the chewing, talking, brushing teeth and so on, 

these will produce severe pain lasting from seconds to minutes.  

 

Although the exact cause of Trigeminal Neuralgia is unknown, The International 

Classification of Headache Disorders has classified it into two types: Type 1 and 

Type 2 [18] 

 

Type 1 (TN1), also known as Classical Trigeminal Neuralgia is generally produced 

by the compression of the trigeminal nerve although it can also be idiopathic. 

Compression typically occurs on only one or two branches, most often being the 

second and third trigeminal branches. [19] Type 1 is characterised by a sharp, 

stabbing pain in the area of the face where the Trigeminal Nerve is located. [13,15]  

 

Type 2 (TN2) is the secondary form, which can also be idiopathic or can be due to 

the compression of any other part of the face, including “an acoustic neuroma, 

meningioma, epidermoid cyst, aneurysm or AV malformation”. [20] This type of pain 

is not as intense, but presents with a dull, throbbing sensation. Although Type 1 
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produces an abrupt starting and stopping pain, Type 2 pain is continuous and 

diffused over a larger surface area. In addition, Type 1 presents a refractory period 

of a few minutes after the paroxysm. Type 2 does not have this refractory period. 

[20]  

 

It is often difficult to diagnose if a patient has Trigeminal Neuralgia. Type 1 can be 

mistaken for trigeminal neuropathy, a systemic disease or odontogenic pain. Type 2 

can be mistaken for a metabolic, endocrine or rheumatic disease. [15] Diagnosis is 

extremely important as a misdiagnosis of odontogenic pain can cause unnecessary 

dental procedures. 

 

Neuroimaging is considered to be a crucial part of the diagnosis of Trigeminal 

Neuralgia when it is performed by a neurologist. Head Computed Tomography (CT), 

Magnetic Resonance Imaging (MRI) and Magnetic Resonance Angiography (MRA) 

can be used to detect if the Trigeminal nerve has been compressed. [19] 

 

Classical Trigeminal Neuralgia can be treated in a variety of ways, including a 

Michigan stabilization splint, medication, surgery, acupuncture and botulinum toxin 

injections at the relevant trigger points in the face. [20] 

 

In the case of pharmacological relief, the medication of choice is Carbamazepine, 

prescribed in doses of 100 to 200 mg twice daily. If the patient continues to feel 

intense pain, the dose can be increased to 300 to 500mg. Oxcarbazepine can also 

be used if Carbamazepine is ineffective. Oxcarbazepine is given in doses of 600mg 

daily taken at intervals as prescribed throughout the day. The dose can be increased 
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every third day to 900mg per day. If Carbamazepine and Oxcarbazepine do not 

work, then Baclofen or lamotrigine are used as alternatives. There have been trials 

using other drugs, for example Clonazepam, Gabapentin and Phenytoin although 

they have not been tested in a large enough group of people to produce definitive 

results. [19] 

If these various types of medication are not successful, the neurologist can 

recommend to the patient to undergo surgery. Some types of surgical procedures 

that they may suggest might include microvascular decompression or alternative 

ablative procedures such as rhizotomy with radiofrequency thermocoagulation, 

mechanical balloon compression, chemical glyceryl injection, radiosurgery, 

peripheral neurectomy and a nerve block. [17,19]  

7.2.2. Temporomandibular Disorders (TMD) 

The temporomandibular joint (TMJ) is synovial and is articulated by the condyle of 

the mandible and the mandibular fossa of the zygomatic arch forming a hinge joint. 

[18] In between these two structures is a biconcave articular disc, which moves in 

synchronicity with the mandible’s movements. A TMD occurs when there is a disc 

displacement, osteoarthritis or subluxation of the TMJ. 

 

The most common cause of musculoskeletal pain in non-odontogenic pain is a TMD. 

[17] It is characterised by pain in the muscles surrounding the TMJ, which include 

the muscles of mastication. The consequences which can occur are a limitation in 

movement of opening and closing of the mandible and potential noises produced by 

the TMJ. These noises are different depending on the type of disorder. A clicking or 
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popping sound indicates that the disc has been displaced whilst a crunching sound, 

also known as crepitus, suggests that the injury is linked to osteoarthritis. [17] 

 

Secondary symptoms can include headaches and migraines. [17] It is important to 

diagnose and treat TMDs early on, as prolonged subjection to pain can increase the 

patient’s stress and negatively impact the quality of their daily life. Making a definitive 

diagnosis of TMDs is primarily done by the use of an MRI, which provides and shows 

the medical personnel an enhanced image of the anatomy of the TMJ and the 

disorder it presents.  

 

Therapies used to treat TMDs can include physiotherapy, pharmacotherapy, occlusal 

splints, psychological and surgical treatment as well as introducing a soft diet to the 

patient in order to reduce the stress on their muscles of mastication. [17] 

 

It has been seen that Trigeminal Neuralgia can accompany TMDs, increasing the 

pain experienced by the patient. [15] 

 

7.2.3. Atypical odontalgia  

Persistent idiopathic facial pain, also known as atypical facial pain, includes all facial 

pain with unknown aetiology. Some researchers have hypothesised that it derives 

from neuropathic pain although the results aren’t conclusive and have not been 

proven. [17] Atypical odontalgia, or phantom tooth pain, is experienced within the 

dentoalveolar tissues and occurs after extraction of a tooth, the roots or the dental 

pulp. It occurs in 3 to 6% of the population after receiving a root canal treatment, 

most often in the maxillary premolars and molars. [20] Symptoms experienced by the 
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patient include a pulsating, constant or sporadic pain in the extraction site over a 

long period of time. During this time, it is possible that the pain can disseminate to 

other areas of the face.  

Although Atypical Odontalgia is generally idiopathic, it has been found that it can be 

produced by maxillofacial trauma and can be triggered by touching the area of the 

face where the tooth previously was. [20]  

Diagnosis is often difficult, but it can be conducted by completing a thorough 

anamnesis, clinical examination and radiographs. There are still ongoing studies into 

the use of different medications to treat Atypical Odontalgia, although those currently 

prescribed include Gabapentin, Tricyclics, topical anaesthetics and Opioids. [26] 

7.3. GABA 

7.3.1. GABA A specific drugs 

7.3.1.1. Agonists 

 

The basic mechanism involved in the activation of the GABA A receptor is the 

binding of an exogenous or endogenous agent to a specific site on the GABA 

receptor. This then causes the central chloride pore to open up and an influx of 

Chloride ions rushes into the neuron, which further causes inhibition of the neurons 

causing a state of hyperpolarization. [6,10,12] 

 

Benzodiazepines are known to be one of the main positive allosteric modulators of 

GABA A. They are used in patients with anxiety and can also produce effects such 

as anticonvulsant, sedative, partial amnesia and muscle relaxation. [4,21] Diazepam 

and Clonazepam are the primary benzodiazepines prescribed for nervous patients. 
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They bind to the GABA A receptor and “increase the frequency of GABA-gated 

Chloride ion channel opening in the presence of GABA” [24] thus enhancing the 

GABA inhibitory effect. Benzodiazepines have their own binding site on the GABA A 

receptor. By attaching to an individual binding site, Benzodiazepine will activate the 

receptor to increase the action of the neurotransmitter GABA. 

 

Another important group of drugs that are agonists of the GABA A receptor are 

Barbiturates. Phenobarbital is an anti-epileptic, anticonvulsant drug and Thiopental is 

capable of inducing anaesthesia. [6,12] The Barbiturates group also has an 

individual binding site on the GABA A receptor. While Benzodiazepines work by 

increasing the frequency of the chloride channel opening, the Barbiturates work by 

increasing the Chloride channel opening time in order to increase the influx of 

Chloride ions into the neuron. At very high concentrations, Barbiturates can open the 

Chloride ion channel in the absence of GABA, which can be dangerous. [23,25,27]  

 

If a patient takes Benzodiazepines for more than two weeks, there is a risk of 

tolerance as the GABA receptors downregulate. [6] This means that there are fewer 

receptors available on the surface of a neuron to cause a sufficient response. This 

will cause the patient to increase the amount and frequency of the Benzodiazepines 

that they are taking in order to achieve the same effect. The longer they are used, 

the more they downregulate the GABA receptors. When the patient decides to stop 

taking them, it can take months or years for the GABA receptors to upregulate back 

to normal levels. [14] Although Benzodiazepines are extremely effective, it can be 

very difficult for a patient to reduce the dosage or stop taking them altogether, 

because they have a tolerant and addictive effect. [4,6,12] 
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7.3.1.2. Antagonists 

 

Bicuculline is an antagonist for the GABA A receptor and can increase the sensation 

of pain. It does this by increasing the response of Aδ and C fibres and preventing 

GABA A from functioning properly. [12] It competes with GABA for a binding site on 

the receptor and also decreases the mean “channel open times and the opening 

frequency.” [28] Scientists discovered by injecting Bicuculline into the spinal cord of 

rats that the neural response to a stimulus was prevented, which included the 

involvement of GABA A receptors. [6] 

 

Flumazenil is a negative allosteric modulator and a GABA antagonist. It is useful in 

reversing anaesthesia and is used in the case of an overdose of Benzodiazepines or 

Zolpidem. [24] It reverses the effect of Benzodiazepines by competing with them at 

the same binding site on GABA A, thereby blocking the Benzodiazepine site. 

Although Flumazenil is effective in the reversal of both Benzodiazepines and 

Zolpidem, it will have no effect on Barbiturates. This is due to the fact that the 

binding sites for Flumazenil, Benzodiazepines and Zolpidem are located close 

together, but too far from the binding site for Barbiturates. [22] 
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7.3.2. GABA B specific drugs 

7.3.2.1. Agonists 

The target sites on the GABA B receptor are extremely important for the attachment 

of analgesic drugs due to their significant role in the pain processing and 

neurological functions.  

Baclofen is one of the main examples of a GABA B agonist. [6,9] Baclofen is a 

neuralgic analgesic, antispasmolytic and muscle relaxant, used for multiple sclerosis 

and spinal cord injuries. [4,14] Studies have shown that by injecting Baclofen into the 

trigeminal ganglion, it has reduced algesic activity by preventing the downregulation 

of GABA B receptors and by decreasing the activity of Aδ and C fibres, providing 

analgesia. [3,4,14] 

Baclofen is a paradoxical drug as it can produce hyperalgesia as well as 

antinociception. [6] The principal reason for this depends on the concentration of 

Baclofen. When injected with a lower dose, it prevents the interneurons in the dorsal 

horn of the spinal cord from releasing GABA, which in turn produces hyperalgesia. 

[3] On the other hand, a higher dose of Baclofen prevents other neurotransmitters 

being released from the nociceptors that block the painful response from being 

experienced. [12] 

Baclofen has a short half-life of only two to four hours and does not cross the blood-

brain barrier very well. [4] As a consequence, in order to produce an effect, Baclofen 

needs to be prescribed in high doses. This can be dangerous, because it can 

produce strong side effects such as drowsiness, disorientation, slurred speech, 

gastrointestinal problems, nausea and hypotension. [4,6] Another problem with 

Baclofen is that these high doses can lead to a patient becoming tolerant and 
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addicted to the drug. Due to these disadvantages, Baclofen should only be 

prescribed in severe cases of chronic pain and when first-line drugs are ineffective, 

or in combination with them. [6,14] Despite its limitations, the fact that Baclofen 

produces an antinociceptive response indicates the vital role that GABA B receptors 

play in pain reduction. 

 

7.3.2.2. Antagonists: 

Phaclofen, Saclofen and 2-Hydroxysaclofen are antagonists for the GABA B 

receptor, and they prevent the inhibitory action of GABA B receptors and therefore 

its antinociceptive response. [14,29] They are selective and compete with Baclofen 

for the binding site on the GABA B receptor. [6,12] 2-Hydroxysaclofen has the ability 

to competitively attach to the binding site ten times more strongly than Phaclofen [29] 

and Saclofen attaches two times more strongly than -2-Hydroxysaclofen. [30] The 

information regarding these drugs is very limited and from the research that was 

conducted, its relation to GABA is that of an antagonist. 
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8. Conclusion 

 

Orofacial pain is one of the most severe types of pain experienced, due to the high 

number of sensory receptors in the orofacial region. It is mostly associated with 

chronic pain rather than acute pain and in most cases, there is no definitive cure.  

 

Therefore, it is extremely important to find analgesics that reduce the pain and 

increase the patient’s quality of life. Although there is pharmacotherapy that 

specifically targets the receptors of GABA in order to relieve pain, these medications 

tend to have severe side effects and can cause a patient to become tolerant and 

addicted to the drugs prescribed.  

 

There are at present no drugs that exist specifically for orofacial pain treatment. With 

the multitude of past and ongoing experiments into the role of GABA receptors in the 

processing of pain, there is hope in the future for more specific analgesics without 

the current severe side effects. There are limitations to the experiments because, to 

date, they have principally been tested in rats rather than in humans.  

 

There are and have been many experiments and studies into the function and 

mechanism of GABA receptors relating to the perception and communication of pain 

in the human body. GABA is not just associated with the processing of orofacial pain, 

but in many other neurological functions. There is still great debate and many 

hypotheses into the number of processes in which GABA is involved.  
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The success in analgesic activity in GABA agonist drugs proves that GABA has a 

significant involvement in pain regulation and transmission. Their reaction to a 

stimulus and their location on neural pathways also prove how effective they are in 

inducing an antinociceptive or a nociceptive effect.  

 

Scientists are consistently gaining an increasing amount of knowledge about GABA 

and therefore, there is hope for improved analgesics and hypnotics without their 

current issues of tolerance, addiction and hyperalgesia, which occur in the systemic 

administration for chronic pain. 

 

9. Social Responsibility 

 

By performing this bibliographic study, I have been able to understand the 

mechanism of pain and the involvement of many substances on a much deeper 

level. By learning the intricacy of how GABA is involved not just in the processing of 

pain but in many other vital functions in the human body, I feel I will be able to use 

this knowledge in my professional life to my and my patient’s benefit. In addition, I 

have spent many hours researching scientific papers, and this has taught me how to 

read papers efficiently and quickly. Therefore, in the future this will allow me to 

update my knowledge in many areas of research, which will again be a benefit to my 

patients. 
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